Members of the Cited family are nuclear transactivators which bind to the coactivators p300 and CBP. While Cited1 also binds to the TGFb signal transducer Smad4, this has not been shown for Cited2. We isolated a chicken homologue of Cited2 from a HH stage 3±6 cDNA library and examined its expression pattern during early stages of embryonic development by whole-mount in situ hybridization. CITED2 expression is detectable in the epiblast as early as stage XI. From HH stage 2 onwards CITED2 is expressed in an anterior domain in the elongating primitive streak in cells which are fated to become heart. During gastrulation the expression pattern is highly dynamic and transiently displays left-right asymmetry with stronger expression on the right side. CITED2 expression appears at multiple sites of forming mesodermal structures. Most prominently, CITED2 is expressed in presomitic and lateral plate mesoderm, in the headfold (future forebrain), the head mesoderm, the pharyngeal¯oor, the ventral blood islands, somitomeres and the intermediate mesoderm which gives rise to the kidney anlagen. q
Results
Cited1 (CBP/p300-interacting Transactivators with EDrich tail, renamed from Melanocyte-speci®c gene, Msg1) as the founding member of a family of nuclear transactivators without DNA binding domain (Shioda et al., 1996; was ®rst isolated from murine melanoma B16-F1 cells. Based on its homology to Cited1 the human gene CITED2 (formerly Melanocyte-speci®c Gene Related Gene, MRG1) was found in normal human melanocytes. Independently, Cited1 was isolated from primitive streak and both Cited1 and Cited2 were postulated to have a role in mouse development (e.g. anterior-posterior patterning and heart development) based on expression data Beddington and Robertson, 1999) . The members of this family were shown to share a transcription activating domain (Shioda et al., 1996) and be regulated by a variety of cytokines in different cell lines Sun et al., 1998) . Both, p35srj, an alternatively spliced isoform of CITED2, which contains an additional serine-threoninerich linker region, and CITED1 bind to CREB-binding protein (CBP) and p300 (Bhattacharya et al., 1999; Yahata et al., 2000) . CITED2 was also identi®ed in a yeast twohybrid screen as a Lhx2 LIM domain-interacting protein (Glenn and Maurer, 1999) . Furthermore, CITED1 interacts with Smad4, thereby enhancing transcription mediated by this component of the TGFb signaling pathway.
In order to elucidate a possible involvement of the Cited family in cardiac development in the chick system, a chicken HH stage 3±6 cDNA library was screened (Andre Âe et al., 2000) with probes containing the coding regions of mouse Cited1 and Cited2. Despite the presence of mouse Cited1 and Cited2 at early gastrulation, we found only one hybridizing clone of approximately 2 kb in the chick gastrula stage library. Recently, sequence analysis of the isolated CITED2 cDNA revealed 67% homology and 72% similarity at the protein level to murine and human CITED2, respectively, suggesting that this clone represents the chicken homologue of mouse Cited2 (Fig. 1B . As shown in Fig. 1A , chicken CITED2 contains all the structural features typical for CITED2 family members, including the C-terminal transcription activating domain CR-2 and a second 14 aa long conserved domain, CR-1, of unknown function ( Fig. 1A ; Shioda et al., 1997) . However, the E-mail address: t.brand@tu-bs.de (T. Brand).
chicken CITED2 cDNA lacked the Smad4 interaction domain typical for Cited1 . Andrews et al. reported the cloning of a second chick CITED family member, CITED3 (Andrews et al., 2000 , Fig. 1A,B) . Expression of CITED2 was found as early as EGK stage XI (Eyal-Giladi and Kochav, 1976) in the epiblast ( Fig.  2A,E ), but not in the hypoblast. During early gastrulation expression was found within the newly formed primitive streak (Fig. 2B) . When gastrulating cells move anteriorly, expression was restricted to the anterior half of the streak leaving Hensen's node free of transcripts. Cells labeled within the anterior streak domain at Hamburger-Hamilton (HH) stage 3 are fated to contribute to the heart ( Fig. 2C ; Garcia-Martinez and Schoenwolf, 1993) .
After the streak has reached its full extension at HH stage 4, CITED2 expression was found around Hensen's node and in lateral regions of the embryo as well as in an anterior domain of presumptive head ectoderm. Expression was highly dynamic at this stage of development and extended to the lateral margins of the embryo sparing the primitive streak. Cross-sections revealed that expression was within ectoderm and mesoderm (Fig. 2D,F±J) . At HH stage 5, CITED2 was expressed asymmetrically with consistently stronger expression on the right side of the embryo (Fig. 2I) . This observation has not been reported for mouse Cited1 . Slightly later (HH stage 51) the anterior expression domain formed a crescent including the future headfold, part of the heart anlage, and presomitic mesoderm (Fig. 2J) . Expression became weaker in cardiogenic mesoderm during HH stage 6 but was main- tained in presomitic mesoderm, the future forebrain, and the posterior primitive streak (Fig. 2K±N) .
At HH stage 7, the newly formed somite was prominently labeled (Fig. 2K) . At HH stage 9, all somites expressed CITED2 with a gradual rostrad loss of intensity. At HH stage 13, expression was highest at the ventral and dorsal edges of somitomere 0 and 2I (nomenclature according to Ohrdahl, 1993) . Apparently, CITED2 was con®ned to the anterior compartment of somitomere 0 (Fig. 2S) . Expression was almost lost in somites I and II. CITED2 expression was reinitiated in a dorsal compartment of the more mature somites (Fig. 2O,Q±S) , which is in accordance with the aip, anterior intestinal portal; bi, blood islands; da, dorsal aorta; ec, embryonic coelom; ect, ectoderm; end, endoderm; ep, epiblast; fb, forebrain; h, heart; he, head ectoderm; hf, head fold; hm, head mesoderm; hn, Hensen's node, hyp, hypoblast; im, intermediate mesoderm; lpm, lateral plate mesoderm; mes, mesoderm; n, notochord; ne, neuroectoderm; nt, neural tube; pf, pharyngeal¯oor; ps, primitive streak, psm, presomitic mesoderm; s, somite. reported higher expression of mouse Cited2 in the dorsal aspect of somites .
A weak staining was detected in the notochord (Fig.  2O,Q) . The intermediate mesoderm giving rise to the kidney anlagen and the ventral blood islands, another mesodermally derived tissue, were also positive for CITED2 transcripts (Fig. 2O±Q ). Beginning at HH stage 8 the pharyngeal oor showed strong CITED2 expression (Fig. 2M,N) . No signi®cant staining was detected within the myocardial layer of the heart tube or at later stages of heart morphogenesis in the chick in contrast to the previously reported prominent cardiac expression of mouse Cited 2 .
Materials and methods

Screening of a spotted cDNA library
Probes containing the coding sequence of mouse Cited1 and Cited2 were used to screen a spotted plasmid cDNA library of HH stage 3±6 chicken embryos (Resource Center of the German Human Genome Project, Library No.: 573; Andre Âe et al., 2000) at low stringency (hybridization temperature 508C).
Whole-mount in situ hybridization and histology
White Leghorn eggs (Charles River, Extertal) were incubated and staged according to Eyal-Giladi and Kochav (1976) for pregastrula stages and according to Hamburger and Hamilton (1951) for later stages. The embryos were ®xed overnight in PBS buffered 4% paraformaldehyde solution. A 1.7 kb EcoRI/XbaI fragment of the original CITED2 clone in pSPORT I was subcloned in pKS1, linearized with EcoRI and used for synthesis of an antisense probe with T7 polymerase in the presence of digoxigenin-labeled UTP (Boehringer, Mannheim). Whole-mount in situ hybridization was performed as described previously (Andre Âe et al., 1998) . For sections embryos were embedded in 15% sucrose/7.5% gelatine in PBS. The embedded blocks were frozen in isopentane, cooled on dry ice, and sectioned on a cryostat.
